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1. INTRODUCTION {#brb3792-sec-0005}
===============

Parkinson disease (PD), characterized by progressive decline of the dopaminergic neurons inside the substantia nigra pars compacta, is the second most common neurodegenerative disorder. The disease features motor dysfunction and nonmotor symptoms including cognitive impairment and depression during the disease progression (Dauer & Przedborski, [2003](#brb3792-bib-0005){ref-type="ref"}; de Lau & Breteler, [2006](#brb3792-bib-0006){ref-type="ref"}). Currently, diagnosis is mainly based on clinical symptoms. However, motor symptoms are not unique to PD but also occur in other motor disorders such as cerebellar dysfunction (Sanes, Dimitrov, & Hallett, [1990](#brb3792-bib-0017){ref-type="ref"}). Additionally, the accuracy of clinical symptoms in diagnosis is less than 90% (Weingarten, Sundman, Hickey, & Chen, [2015](#brb3792-bib-0022){ref-type="ref"}).

The Unified Parkinson Disease Rating Scale (UPDRS) score (Goetz et al., [2008](#brb3792-bib-0009){ref-type="ref"}), the modified Hoehn‐Yahr scale, and the Montreal Cognitive Assessment (MoCA) scale (Gill, Freshman, Blender, & Ravina, [2008](#brb3792-bib-0008){ref-type="ref"}) are commonly used to assess the disease progression and cognitive impairment in PD patients. Nevertheless, a lack of objectivity may result in uncertainty in evaluation. Therefore, there is an urgent need for imaging techniques that can provide an alternative objective evaluating approach.

Proton magnetic resonance spectroscopy (^1^H‐MRS) can give a neurochemical profile of the brain for individuals with PD by quantifying a range of metabolites including N‐acetylaspartate (NAA), choline (Cho), and creatine (Cr) in different brain structures (Zanigni et al., [2015](#brb3792-bib-0024){ref-type="ref"}). Normally, the Cr concentration is stable and can be used as reference when assessing NAA and Cho concentration (Lucetti et al., [2001](#brb3792-bib-0013){ref-type="ref"}). Compared with healthy control subjects, PD patients showed reduced NAA/Cr ratio in the putamen (Watanabe et al., [2004](#brb3792-bib-0021){ref-type="ref"}), and temporal lobe (Levin et al., [2014](#brb3792-bib-0012){ref-type="ref"}) and increased Cho/Cr ratio in the posterior cingulate (Nie et al., [2013](#brb3792-bib-0016){ref-type="ref"}), so these two variables could be used as metabolic markers to reflect the neuronal function in the PD brain. Furthermore, compared with the putamen and cerebral white matter, the changes of NAA/Cr ratio are proven to be more pronounced in the pontine base in PD patients than controls (Watanabe et al., [2004](#brb3792-bib-0021){ref-type="ref"}). However, contradictory results for the NAA/Cr ratio in the frontal cortex have been reported in parkinsonian syndromes subjects (Abe et al., [2000](#brb3792-bib-0001){ref-type="ref"}). In addition, some studies showed no significant difference in Cho/Cr ratio in the lentifom nucleus between PD patients and healthy controls (Federico et al., [1997](#brb3792-bib-0007){ref-type="ref"}), which may result from regional and individual variability or different signal‐to‐noise ratio in different brain structures. Consequently, an overall description of the metabolic status in multiple regions of the brain is needed.

Previous studies have shown that the neurochemical profile produced with ^1^H‐MRS may provide useful information for the diagnosis, monitoring, and evaluation of treatment efficacy in PD. A randomized permuted block study (Mazuel et al., [2015](#brb3792-bib-0014){ref-type="ref"}) comparing patients with PD in drug‐on and drug‐off conditions and healthy controls found that total NAA and Cr were significantly lower in drug‐off patients than controls and further, the two biomarkers increased after dopaminergic therapy. In addition, MRS studies showed that PD involved widespread neuronal and axonal damage. Moreover, Wu et al. ([2016](#brb3792-bib-0023){ref-type="ref"}) suggested a more notable change in NAA/Cr on the side affected at the onset of PD, which may be a reasonable interpretation to the asymmetric symptoms and signs in PD patients.

Given the background, we used a multi‐voxel ^1^HMR spectroscopic approach to provide a neurochemical profile of multiple regions of the idiopathic PD brain. We also recorded the UPDRS score, modified Hoehn‐Yahr stage, and the MoCA score of PD patients. This study aimed to assess the relationship between the NAA/Cr, NAA/Cho and Cho/Cr ratio and UPDRS score, Hoehn‐Yahr stage and MoCA score in PD patients to assess the value of ^1^H‐MRS in early diagnosis of the disease and evaluation of cognitive ability of PD patients.

2. MATERIALS AND METHODS {#brb3792-sec-0006}
========================

2.1. Subjects {#brb3792-sec-0007}
-------------

This protocol was approved by the Ethics Committee of the Second Affiliated Hospital of Shantou University Medical College and was performed according to the Declaration of Helsinki. Written informed consent was obtained from all participants.

We included 42 PD patients (21 male, age 61.60 ± 6.40 years) admitted to the Second Affiliated Hospital of Shantou University Medical College for treatment between January 2012 and March 2015 and 20 healthy control subjects without neurologic disorders (12 male, age 58.75 ± 5.03 years) who were visiting the Center of Health Examination during the same time. All patients complied with diagnostic criteria and received a diagnosis from a specialized physician. We excluded patients and controls with (1) history of brain disease (cerebral infarction or cerebral hemorrhage), (2) presence of mental illness or metabolic syndrome, and (3) inability to provide consent.

Patients were assessed by the UPDRS score, modified Hoehn‐Yahr stage and MoCA scale. The Hoehn‐Yahr stage included stages 1 to 5, 1.5 and 2.5, with patients divided into unilateral impairment (Hoehn‐Yahr stage \< 2) and bilateral impairment (Hoehn‐Yahr stage ≥ 2) groups, the MoCA score ranges from 0 to 30 points, and we subdivided the patients into cognitive impairment (\<20 points) and mild/no cognitive impairment (≥20 points) groups. All participants underwent MRI and multi‐voxel ^1^H‐MRS examination.

2.2. MR imaging and ^1^H‐MRS {#brb3792-sec-0008}
----------------------------

Routine MRI and ^1^H‐MRS were performed with a 3‐T MRI system (Sigma HDx Twin speed, General Electric Medical Systems) with a standard 8‐channel head coil. Two associate chief physicians interpreted all images.

The MRI parameters were: repetition time (TR), 4,420.0 ms; echo time (TE), 112.1 ms; matrix, 512 × 512; slice thickness, 5.0 mm; interlayer thickness, 1.0 mm.

Multi‐voxel ^1^H‐MRS were performed using a point‐resolved spectroscopy sequence with the following parameters: TR, 1,500 ms; TE, 35 ms; phase × frequency = 18 × 18, volume of interest, 8 × 10 × 1 cm; field of view, 240 × 240 mm; and number of excitations = 1.

Water suppression (\>95%) and shimming (linewidth, \<12 Hz) were automatically achieved using a variable pulse power and optimized relaxation delay scheme. After zero‐filling and baseline correction, the spectra were post‐processed automatically using "Advantage Window 4.6 workstation Functool software" (General Electric Medical Systems Signa excite 3.0T HD Ecospeed MRI, ADW 4.6 workstation, USA). The peak areas were the proportion using creatine as the reference which represent the various metabolic concentration such as NAA/Cr and Cho/Cr. The regions of interest (ROIs) for spectral analysis included the substantia nigra, globus pallidus, prefrontal lobe, hippocampus, cuneus gyrus and dorsal thalamus on both sides of the brain (Figure [1](#brb3792-fig-0001){ref-type="fig"}).

![The regions of interest location on ^1^H‐MRS images (1, 2), dorsal thalamus (3, 4), globus pallidus (5, 6), substantia nigra (7, 8), hippocampus (9, 10), cuneus gyrus (11, 12)](BRB3-7-e00792-g001){#brb3792-fig-0001}

2.3. MRS analysis {#brb3792-sec-0009}
-----------------

All spectra were transferred to an Advantage Window 4.6 workstation (GE, ADW 4.6 workstation, USA) and were processed using Functool (General Electric Medical Systems, USA). The metabolite signal intensity for NAA, Cho, and Cr were 2.02, 3.22 and 3.02 ppm, respectively. Examples of spectra are presented in Figure [2](#brb3792-fig-0002){ref-type="fig"}. Because of no significant differences between the left and right hemisphere for control and bilateral impaired PD patients and between the side contralateral and ipsilateral to for unilateral impaired PD patients, the values obtained for each side were averaged to represent the metabolism level for each participant (for NAA/Cr ratio, see Figure [3](#brb3792-fig-0003){ref-type="fig"}; for NAA/Cho and Cho/Cr ratios, see Figure [S1](#brb3792-sup-0001){ref-type="supplementary-material"} and Figure [S2](#brb3792-sup-0001){ref-type="supplementary-material"} online, respectively).

![^1^H‐MRS spectra obtained from a control subject (a) and a PD patient (b)](BRB3-7-e00792-g002){#brb3792-fig-0002}

![NAA/Cr ratios in substantia nigra, globus pallidus, prefrontal lobe, hippocampus, cuneus gyrus and dorsal thalamus for (a): healthy volunteers in left and right brain. (b): PD patients with unilateral impairment in the brain contralateral or ipsilateral to clinical sign and (c): PD patients with bilateral impairment in left and right brain](BRB3-7-e00792-g003){#brb3792-fig-0003}

2.4. Statistical analysis {#brb3792-sec-0010}
-------------------------

Quantitative data are presented as mean (SD), and categorical data as number (%). Comparisons for metabolism level between cases and controls were assessed by Mann--Whitney test. Kruskal--Wallis H followed by Dunn--Bonferroni post hoc method were used for comparisons for three groups and pairwise comparison between three groups.

Relations between metabolism level and duration of disease, UPDRS score, Hoehn‐Yahr stage, and MoCA score in PD patients were studied by Spearman correlation analysis.

Statistical analysis involved use of SPSS 20.0 (SPSS, Inc, Chicago, IL, USA). Two‐sided, *p* \< .05 was considered statistically significant.

3. RESULTS {#brb3792-sec-0011}
==========

Overall, 42 patients (61.60 ± 6.40 years) and 20 controls (58.75 ± 5.03 years) were enrolled in the study. For the cases, twenty (47.6%) had unilateral impairment and 22 (52.4%) bilateral impairment by Hoehn‐Yahr stage. Six patients (14.3%) had cognitive impairment and 32 (85.7%) mild/no cognitive impairment by MoCA score. Unilateral and bilateral impaired patients did not differ in sex or age, history of PD or MoCA score (all *p* \> .05), but mean (SD) UPDRS score was higher for bilateral than unilateral impaired patients (22.85 ± 7.18 vs. 29.59 ± 9.29, respectively; *p* = .011). The baseline characteristics of the cases are in Table [1](#brb3792-tbl-0001){ref-type="table-wrap"}.

###### 

Demographics and clinical characteristics of the Parkinson disease (PD) patients

  Characteristics Mean (SD)                                        Cases (*n* = 42)   Unilateral (*n* = 20)   Bilateral (*n* = 22)   *p*‐value
  ---------------------------------------------------------------- ------------------ ----------------------- ---------------------- ------------
  Male (*n*, %)                                                    21 (50.0)          10 (50.0)               11 (50.0)              1.000
  Age (year)                                                       61.60 (6.40)       60.25 (5.89)            62.82 (6.73)           .111
  Disease duration (month)[a](#brb3792-note-0004){ref-type="fn"}   12 (6--36)         12 (6--12)              13.5 (6--36)           .252
  Hoehn and Yahr stage                                             1.82 (0.62)        1.30 (0.25)             2.30 (0.45)            **\<.001**
  UPDRS score (range 0--147)                                       26.38 (8.93)       22.85 (7.18)            29.59 (9.29)           **.011**
  MoCA score (range 0--30)                                         16.12 (5.07)       17.65 (5.54)            14.73 (4.27)           .150

P, comparing unilateral and bilateral PD by the corresponding statistical test; UPDRS, Unified Parkinson Disease Rating Scale; MoCA, Montreal Cognitive Assessment scale. The bold indicates a statistically significant association.

Data are expressed in median (interquartile range).
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The NAA/Cr, NAA/Cho, and Cho/Cr ratios for cases and controls in multiple regions are summarized in Table [2](#brb3792-tbl-0002){ref-type="table-wrap"}. Overall, NAA/Cr and NAA/Cho ratios were significantly lower in the substantia nigra, globus pallidus, prefrontal lobe, hippocampus, cuneus gyrus, and dorsal thalamus regions for total cases than healthy controls and lower in the six regions for both unilateral and bilateral impaired patients than controls, with no difference between unilateral and bilateral impaired PD patients (all *p* \> .05).

###### 

Metabolic status in multiple regions of the brain for control subjects and PD patients by impairment status

  Region    Controls            Cases                                                          Unilateral impairment                                          Bilateral impairment                                           Mild/no cognitive impairment                                 Cognitive impairment
  --------- ------------------- -------------------------------------------------------------- -------------------------------------------------------------- -------------------------------------------------------------- ------------------------------------------------------------ --------------------------------------------------------------
  NAA/Cr                                                                                                                                                                                                                                                                                  
  SN        2.57 (2.27--3.26)   1.80 (1.40--2.10)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.75 (1.41--2.28)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.84 (1.40--2.01)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.40 (1.27--2.19)[\*\*](#brb3792-note-0006){ref-type="fn"}   1.85 (1.43--2.14)[\*\*\*](#brb3792-note-0006){ref-type="fn"}
  GP        2.84 (1.90--3.48)   1.65 (1.44--1.93)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.69 (1.43--2.12)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.60 (1.41--1.85)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.66 (1.23--2.21)[\*](#brb3792-note-0006){ref-type="fn"}     1.65 (1.45--1.91)[\*\*\*](#brb3792-note-0006){ref-type="fn"}
  PL        2.43 (1.86--3.32)   1.52 (1.23--1.89)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.64 (1.30--2.06)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.44 (1.20--1.69)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.56 (1.27--2.18)                                            1.52 (1.21--1.86)[\*\*\*](#brb3792-note-0006){ref-type="fn"}
  HI        2.61 (2.16--3.22)   1.68 (1.48--1.92)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.77 (1.52--2.13)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.64 (1.47--1.87)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.77 (1.43--2.21)[\*](#brb3792-note-0006){ref-type="fn"}     1.66 (1.48--1.91)[\*\*\*](#brb3792-note-0006){ref-type="fn"}
  CG        2.52 (1.95--2.76)   1.69 (1.53--1.88)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.80 (1.39--2.07)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.67 (1.53--1.81)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.83 (1.68--2.37)                                            1.68 (1.51--1.85)[\*\*\*](#brb3792-note-0006){ref-type="fn"}
  DT        2.56 (2.07--3.47)   1.85 (1.59--2.07)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.80 (1.54--1.99)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.88 (1.70--2.10)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.74 (1.45--2.17)[\*](#brb3792-note-0006){ref-type="fn"}     1.87 (1.61--2.09)[\*\*\*](#brb3792-note-0006){ref-type="fn"}
  NAA/Cho                                                                                                                                                                                                                                                                                 
  SN        3.72 (2.81--4.83)   2.02 (1.74--2.74)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.98 (1.69--2.72)[\*\*](#brb3792-note-0006){ref-type="fn"}     2.52 (1.77--2.86)[\*\*](#brb3792-note-0006){ref-type="fn"}     2.01 (1.83--2.59)                                            2.02 (1.69--2.82)[\*\*\*](#brb3792-note-0006){ref-type="fn"}
  GP        3.65 (2.74--4.41)   1.89 (1.49--2.45)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.87 (1.36--2.40)[\*\*](#brb3792-note-0006){ref-type="fn"}     1.95 (1.51--2.60)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.73 (1.32--2.67)[\*](#brb3792-note-0006){ref-type="fn"}     1.91 (1.42--2.53)[\*\*\*](#brb3792-note-0006){ref-type="fn"}
  PL        3.43 (2.76--4.11)   1.76 (1.41--2.28)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.67 (1.46--2.39)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.80 (1.24--2.34)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   2.31 (1.79--2.89)                                            1.67 (1.28--2.14)[\*\*\*](#brb3792-note-0006){ref-type="fn"}
  HI        3.67 (2.86--4.02)   2.26 (1.73--2.66)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   2.07 (1.52--2.73)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   2.40 (1.94--2.64)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   2.52 (1.65--3.00)                                            2.20 (1.75--2.65)[\*\*\*](#brb3792-note-0006){ref-type="fn"}
  CG        4.08 (3.47--4.79)   2.27 (1.93--3.12)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   2.06 (1.76--2.75)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   2.33 (1.98--3.19)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   2.29 (1.89--3.39)[\*](#brb3792-note-0006){ref-type="fn"}     2.27 (1.92--3.06)[\*\*\*](#brb3792-note-0006){ref-type="fn"}
  DT        4.01 (3.18--4.33)   1.96 (1.47--2.44)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.84 (1.46--2.21)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   2.20 (1.49--2.49)[\*\*\*](#brb3792-note-0006){ref-type="fn"}   1.63 (1.30--2.37)[\*\*](#brb3792-note-0006){ref-type="fn"}   2.12 (1.51--2.45)[\*\*\*](#brb3792-note-0006){ref-type="fn"}
  Cho/Cr                                                                                                                                                                                                                                                                                  
  SN        0.75 (0.55--0.88)   0.83 (0.66--0.97)                                              0.87 (0.67--0.97)                                              0.81 (0.65--0.98)                                              0.77 (0.67--0.92)                                            0.83 (0.64--0.98)
  GP        0.83 (0.65--0.98)   0.92 (0.66--1.17)                                              1.01 (0.64--1.28)                                              0.89 (0.68--1.11)                                              0.96 (0.66--1.40)                                            0.92 (0.65--1.15)
  PL        0.72 (0.58--1.00)   0.90 (0.65--1.17)                                              1.05 (0.71--1.33)                                              0.85 (0.61--1.10)                                              0.70 (0.62--1.05)                                            0.91 (0.68--1.20)
  HI        0.72 (0.65--0.89)   0.75 (0.65--0.99)                                              0.90 (0.69--1.07)                                              0.70 (0.62--0.79)                                              0.70 (0.60--0.86)                                            0.75 (0.66--1.00)
  CG        0.61 (0.51--0.77)   0.76 (0.56--1.01)[\*](#brb3792-note-0006){ref-type="fn"}       0.88 (0.62--1.06)                                              0.73 (0.53--0.85)                                              0.88 (0.59--1.02)                                            0.74 (0.55--1.02)
  DT        0.76 (0.57--0.94)   0.99 (0.78--1.32)[\*\*](#brb3792-note-0006){ref-type="fn"}     1.04 (0.87--1.36)[\*](#brb3792-note-0006){ref-type="fn"}       0.93 (0.76--1.30)[\*\*](#brb3792-note-0006){ref-type="fn"}     1.09 (0.99--1.35)[\*](#brb3792-note-0006){ref-type="fn"}     0.97 (0.75--1.34)[\*](#brb3792-note-0006){ref-type="fn"}

NAA, N‐acetylaspartate; Cho, choline; Cre, creatine; SN, substantia nigra; GP, globus pallidus; PL, prefrontal lobe; HI, hippocampus; CG: cuneus gyrus; DT, dorsal thalamus.

The data are presented as median (interquartile range).\**p* \< .05, \*\**p* \< .01, \*\*\**p* \< .001, compared with controls.
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Compared to controls, patients with mild or no cognitive impairment showed significantly reduced NAA/Cr ratios in substantia nigra, globus pallidus, hippocampus, and dorsal thalamus regions (Figure [S1](#brb3792-sup-0001){ref-type="supplementary-material"}), whereas the NAA/Cho were lower in globus pallidus, cuneus gyrus, and dorsal thalamus regions. Patients with cognitive impairment showed significantly reduced NAA/Cr and NAA/Cho ratios in all six regions of interest, with no difference between cognitive and mild or no cognitive impairment patients (all *p* \> .05).

Cho/Cr ratios in the cuneus gyrus were higher for all PD patients than control subjects. The differences were even greater in the dorsal thalamus and remained significantly different on stratification by Hoehn‐Yahr stage or MoCA score.

We observed modest but significant relationship between UPDRS score and NAA/Cho ratio in the substantia nigra (*r* = −.42; *p *=* *.006), globus pallidus (*r* = −0.37; *p *=* *.017), hippocampus (*r* = −.36; *p *=* *.021), and cuneus gyrus (*r* = −.38; *p *=* *.013). In addition, UPDRS score and NAA/Cr ratio were negatively correlated in the substantia nigra (*r* = −.32; *p *=* *.042). (For NAA/Cr ratios, see Figure [S3](#brb3792-sup-0001){ref-type="supplementary-material"}, for NAA/Cho, see Figure [S4](#brb3792-sup-0001){ref-type="supplementary-material"}.)

4. DISCUSSION {#brb3792-sec-0012}
=============

In thisstudy, we used a multi‐voxel ^1^H‐MR spectroscopic approach to describe a neurochemical profile in multiple regions of the PD brain. NAA/Cr and NAA/Cho ratios were lower in the substantia nigra, globus pallidus, prefrontal lobe, hippocampus, cuneus gyrus and dorsal thalamus regions of the brain of PD patients than healthy controls, which indicates widespread neuronal and axonal damage in the PD brain. Besides, NAA/Cr and NAA/Cho ratios were lower in PD patients with unilateral or mild/no cognitive impairment than controls, which suggests that those two metabolites might be early diagnostic biomarkers of PD and sensitive biomarkers of cognitive impairment in PD. In addition, NAA/Cr ratios in the prefrontal lobe and cuneus gyrus and NAA/Cho ratios in the substantia nigra, prefrontal lobe and hippocampus might indicate severity of cognitive impairment. We found high Cho/Cr ratios in the dorsal thalamus of PD patients. Moreover, the significant inversely correlation between UPDRS score and NAA/Cho ratios in the substantia nigra, globus pallidus, hippocampus, and cuneus gyrus and NAA/Cr ratios in the substantia nigra implying that those two metabolites from corresponding brain regions might be used to monitor pathologic changes in patients with PD.

Our ^1^H‐MRS study revealed significantly reduced NAA/Cr and NAA/Cho ratios in PD patients in multiple regions of the brain. Rodent PD models have shown that NAA is absent in mature glial cells and is a neuron‐specific molecule (Moffett, Namboodiri, Cangro, & Neale, [1991](#brb3792-bib-0015){ref-type="ref"}). Choe et al. ([1998](#brb3792-bib-0002){ref-type="ref"}) demonstrated reduced NAA/Cr in PD patients and Holshouser et al. ([1995](#brb3792-bib-0010){ref-type="ref"}) demonstrated significantly reduced NAA/Cho ratio in PD patients, and researchers have demonstrated that the level of NAA may reflect the status of neuron function. Specifically, reduced NAA level may represent reduced number of neurons or neuron deficiency, whereas a decreased NAA level reflects severe neurodegeneration and motor impairment (Sharma et al., [2013](#brb3792-bib-0018){ref-type="ref"}). Our results agree with previous researches, and the biomarker changes in PD patients in our study could point to neuronal loss or degeneration or neural mitochondrial dysfunction in the PD brain.

Although some studies found differences between the side ipsilateral and contralateral to clinical signs in PD patients with unilateral impairment, our study did not find significant differences between the contralateral and ipsilateral sides in multiple regions of the PD brain, and no significant differences between the left and right hemispheres in controls or bilateral impaired patients. The reason could be explained by the prior existence of pathologic changes to clinical symptoms. In addition to that, our results agree with previous studies (Mazuel et al., [2015](#brb3792-bib-0014){ref-type="ref"}). Besides, reduced NAA/Cr, and NAA/Cho ratios and increased Cho/Cr ratios in the side ipsilateral to clinical signs in patients with PD may clinically indicate the gradual development of bilateral symptoms in patients with unilateral impairment.

We observed widespread reduced NAA/Cr and NAA/Cho ratios in PD brain regions, including the substantia nigra, globus pallidus, prefrontal lobe, hippocampus, cuneus gyrus and dorsal thalamus. Our results fall in line with earlier neuroimaging ^1^H‐MRS studies, showing reduced NAA/Cr ratio in the temporoparietal cortex (Hu et al., [1999](#brb3792-bib-0011){ref-type="ref"}) and motor cortex (Lucetti et al., [2001](#brb3792-bib-0013){ref-type="ref"}). However, there are single‐volume ^1^H‐MRS gave conflicting results, which failed to demonstrate significant NAA/Cr ratio change in the striatum (Holshouser et al., [1995](#brb3792-bib-0010){ref-type="ref"}) and significant NAA/Cho ratio change in the occipital cortices (Tedeschi et al., [1997](#brb3792-bib-0020){ref-type="ref"}). The discrepancy can be explained in part by the difference in study population and sample size and the region of interest in previous studies. Further studies are needed to address this issue.

On the analysis stratified PD patients to unilateral and bilateral PD patients, there are differences in NAA/Cr and NAA/Cho ratios between PD patients with unilateral and bilateral impairment, and controls but not between unilateral and bilateral impairment patients. The fact that the Hoehn‐Yahr stage of our bilateral PD patients group ranged from 2 to 3 and treatment of PD might explain this absence of significant difference. The MoCA scale is a sensitive and brief test that can be used to screen mild cognitive impairment (Dalrymple‐Alford et al., [2010](#brb3792-bib-0004){ref-type="ref"}). When stratified PD patients into cognitive impairment and mild/no cognitive impairment, our results showed that NAA/Cr and NAA/Cho ratios were lower for our patients with mild/no cognitive impairment than healthy control subjects. Since the NAA/Cr ratios in the prefrontal lobe and cuneus gyrus and the NAA/Cho ratios in the substantia nigra, prefrontal lobe and hippocampus were statistically significant reduced in cognitive impairment but not mild/no cognitive impairment than controls, those information might be used to detect the severity of cognitive impairment. Additionally, previous observations showed that clinical symptoms will not appear until patients show \>60% dopaminergic neuron loss, our results highlight the change in NAA/Cr and NAA/Cho ratios for patients with mild/no cognitive impairment and provide evidence of prior existence of the neurochemical changes to cognitive function in PD.

NAA/Cho ratios in the substantia nigra, globus pallidus, hippocampus, and cuneus gyrus and NAA/Cr ratios in substantia nigra were inversely correlated with the UPDRS score. The relatively weak correlation may due to the relatively small variations in UPDRS scores in our study population. However, our results are in keep with previous investigations (Wu et al., [2016](#brb3792-bib-0023){ref-type="ref"}) and the significant inverse relationship between the NAA/Cho and NAA/Cr ratios and the UPDRS score suggests that the reduction NAA/Cho and NAA/Cr ratios might be associated with advanced PD and thus, more pronounced neuronal damage.

Consistent with previous observations (Clarke & Lowry, [2000](#brb3792-bib-0003){ref-type="ref"}; Nie et al., [2013](#brb3792-bib-0016){ref-type="ref"}), the current ^1^H‐MRS study observe increased Cho/Cr ratios in the cuneus gyrus and dorsal thalamus of PD patients as compared with controls. However, studies have shown conflicting results: some studies found no changes in the frontal lobe (Abe et al., [2000](#brb3792-bib-0001){ref-type="ref"}; Watanabe et al., [2004](#brb3792-bib-0021){ref-type="ref"}) and others reported decreased Cho/Cr ratios in the temporoparietal cortex in PD patients (Taylorrobinson et al., [1999](#brb3792-bib-0019){ref-type="ref"}). Technical factors and different regions of interest could be possible explanations, and further ^1^H‐MR spectroscopic study is needed.

5. SUMMARY {#brb3792-sec-0013}
==========

PD has become a major public health problem worldwide and mostly affects the aging population. ^1^H‐MRS can be used to track changes in brain neurochemistry with the advantage of noninvasive. Since the aging of the population in China, the burden of disability due to PD is likely to increase in the near future, and it is important to have an improvement in the accuracy in PD diagnosis. In our study, we identified a neurochemical profile in multiple regions of the PD brain using multi‐voxel ^1^H‐MRS. Reduced NAA/Cr, and NAA/Cho ratios that were observed in PD patients in the substantia nigra, globus pallidus, prefrontal lobe, hippocampus, cuneus gyrus and dorsal thalamus showed widespread neuronal and axonal damage in the PD brain. Besides, the changes of NAA/Cr and NAA/Cho ratios in patients with mild/no cognitive impairment may provide the evidence that neurochemical changes are prior to the change in cognitive function in PD patient. In addition, the significant negative correlation between UPDRS score and NAA/Cr and NAA/Cho ratios may reflect the value of ^1^H‐MR spectroscopic in monitoring pathologic changes in PD.
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